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TITLE: CCATI;.G CF SELF-CATALYTIC NIZKEL 0 ALUMI1JUM

ALLOYS.

'The self-catalytic deposition of nickel has been since

some years ago an important objetive for many investigators,

fully justified by itself due to the peculiar characteristics

of the chemical process and to the technical applications

derived from it.

In 1946, A. '.urtz was able to verify that the aqueous

solutions of nickel hypophosphite undergo a partial reduction

when they are submitted to temperatures of about I']2C.

Afterwards, 7Y-.-Breteau, in 1911, was able to demonstrate

In the way that the reduction is self-catalytic and that

th. rduced nickel contained phosphorus. Tie bibliography is

,- abundant in this subject and it can be said that at the present

time its tudy still continues to arouse interest, a great

number oP reducing agents have been studied and that some

processes are protected by patents in different countries.

The Laboratories of this Section have not remained indif-

forant to the problem and, conscious of its interest, they

have developed a process for the self-catalytic deposition of

nickel on different metallic substrates and very especially

on aluminum and its alloys.

A detailed study of the cheaist:y of the reduction process

of nickel by means of hypophosphorous ions in aqueus sclutions

i as enabled us to confirm the fact tiot thie solutions have

metastable :,a:acter and are :highly sensitive as far as they

-
I I I I . .. II I II1
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are concerned to soe substancas the presence of which might

inhibit the reaction. 1t i generally accaptec that in the

nickel reduction '.v ieans of hypophosphite irns the followinc

reactions take place fundamentally:

i 2 '2 (I)

PC2H + H2 0 32 2 (I

being necessary, likewise, to admit other secondary reactions

by means of which the hypophosphite ion is reduced to phospho-

rus since the reduced nickel contains it in variable proportions

according to work conditions.

The reaction L-shosthat there is a libe=ation of protons

the concentration of which may reach such a value that could

hinder the r*duction of the N]i$ ions. It will be necessary,

in any case, a convenient buffer action to maintain the pH
Values witin the adauate limits for an extended utilization

of.the solutions. The reactions I and II show that the

reduction of the NJi ions and the dehydrogenation :? tha

hypphsphite ions convey to the formation of phosphite ions

* which limit considerably the use of the solutions since nickel

phosphite is precisely insoluble at the more acceptable pH

values of the process. The nickel phosphite produced in the

reaction may form crystallization nuclei which besides prod-

ucing defective deposits could cause the spontaneous decom-

position of the solution. A conveniently formulated solution

should contain, besides the nickel salts as source of nickel

ions, complex forming agents capable of hindering the formation

of basic nickel salts, a buffer system capable of maintaining

the pH in optimum conditions during long work periods and

g capable likewise of maintaining in solution the nickel phos-

I phite produced in the reaction, the presence of which is

6undesirable for the above -entioned reasons and which compels

I
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to a frequent if not continued filtration of the solutions

which may create a serious problanwhan the phosphite does not

reach the crystalline form.

Taking into consideration all that has previously been

explained, as far as the reaction m chanism is concerned, as

well as the conditioning of the metalic surfaces which receive

self-catalytic nickel deposits, our program iV - 4i

fe|%4mte&tid as-far-se-its objectives:

1 - Formulation of the solutions capable of yielding self-

catalytic nickel deposits on different metallic substrates.

This requires in its turn; ' -

a) Selection of the nickel salts, portable of nickel ions,

with the necessary purity to guarantee the efficiency

of the process as well in the initial preparation of

the solutions as in its replacement in the needed

amounts to maintain the Ni ions concentration at the

Jadequate levels.

b) Selection of the complex forming a!snts, compatible

with the nickel salt and the hyoophosphite ion used

*as reducing a;ent, which will hindw the formation of

basic salts as well as nickel phosphite and maintain

the deposition =ate within acceptable limits. Thu

assaciation of these components should have likewise,

£the sufficient bufPsr capacity to maintain the pH

value within such limits that the reaction will not

be sensibly affected.

c) Selection of stabilization system adequated to the

composition of the solutions end the consumption rate

of which might bs exactly ontrolled. The stabilization

should not sensibly affect the deposition rate and its

yield.
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d) Selection of the necessary acditives to reduce the

* porosity of the deposits or afford other properties

and the presenca of which in no case should sensibly

either affect the deposition rata or tie yield.

2 - Selection of the surfaces conditioning process according

to the proper characteristics of the base metal. The

metallic surfaces conditioning is in any case a factor of

primary importance in order to insure a successful protec-

tion. In the case of the self-catalytic nickel depositions

--'he said surfaces conditioning reaches its highest require-

ments being, probably the aluminum and its alloys, the

S metal which presents the major problems and to which, in

our work program, it has been devoted a special attentions-

£ II - EXPERIPV-ENTAL ?.;1T

1 - FRMULATION

£ The products used in thi\ diffsrent solutions formulation

for ou. experiments have been of the highest purity and

" its relati.on is the following:

*.
N.Jickel carzona-a; - C.O.Ji 2Ji(JH)2 . 4H_]

f Jickel sulfate; - SC4 Ni . 7H20

Nickel hypophosphite; - (PC 2 H2 )2 :i.5H23

Citric acid; - , H33.H 2 0

Glycolic acid; - C H C
2 4 3

Hypophosphorous ecid; - PC2H3 (5C.l in weigth; specific

. gravity = 1.25)

Di-isopropanol-cmins; - C 1 -

Ammonium hydroxide; - '!H

,.he nicks su lte nas bee'n used only in those tsta carri e

ut to ast u*dy Vt.'-"1 ~n F1u a c o f th * '?V -is canzmntrat-lom
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for a constant PO H.. ions concentration.

The hypophosphorous acid has been used in those tests c.e-rid

out to study th- influence 3f the P ' ions concentration for

a constant 1\i+i i+*.ns :,ncantration.

The nickel hypophosphite, (PO H2 )2 Ni.GHO has been used when

the joint rsplaca.'snt of 'i znd ios has been required.

In our work, fiially, two solutions have been selected, the

composition end operating characteristics of which will be

exposed further on, its performance has been found satisfactory,

as concerning daposits quality, deposition rate and stability,

exempt from sulfates and the replacement c? which has only

required the addition of nickel hypophosphite, hypophosphorous

acid and a correct adjustment of the pH by means of ammonium

hydroxide.

TS
The preparation of the base solutions for our experiments

includes the following phases:

£ - Dilution of the acid (citric or glycolic) in distilled water.

.A

- Nickel carbonate addition in small portions with constant

stirring until complete dilution.

- Addition of a 5C1 solution of di-isopropanol-amine.

- Filtration over whetmen paper n2 42.

S
- Hypophoephorous acid addition.

I

Addition of ammonium hydroxide until obtaining the working

* pH.

- Zilution with distilled water up to expected final volume.

I-MI
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The amounts of each component, the relation of which

lies been exposed, have been in every case the necessary

ones to reach the expected concentrations in our experi-

ments.

2 - PANELS

Tie variables of the deposition process (components

5 concentration, temperature, pH, stirring, etc.), until

obtaining the setting up of the proper solutions, have

been studied employing laminated in cold F-ll steal

panels. Once the most satisfactory formulations were

Sobtained, the process has been carried out on copper,

aluminum and L-3140 alloy panels.

2.1. Steel panels conditioning.

In all our tests the steel panels were submitted
to a cleaning treatment in trichloroethylene
chamber followed by an alkaline fat removal process

through i-amersion in a solution with the following

composition:

Sodium hydroxide ...... 1.,...,, 5gm/l.

T=isodiun phosphate .,........ 40gm/l.

3eing the working temperasture in the rdnge 35..,

901C during 15 ... ZC' min. kith strong stirring.

The panels were subsequently =insed with tap water

first and then with distilled water, afterwards

they w ey were subjected to an activation process

by imnmersion at room teiperaturs in a solution

with the following composition:

jPerchloric acid .,............ 204 (by voluns)

Sluo=hidric acid ...... ,,.,,,,, 5? (by " )

du:ing 4 ... 3 minutes. After being rinsed with
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tap and distilled water the panels were introduced
in the self-catalytic nickel solution.

Cthe: steal surfaces conditioning net~hds have been

testec in our Laboratories and likawise witn sets-

factory rasJlts. The slectzolytic pickling in

sulfuric acid solutions and the immersion in concen-

% =tr.t sulfuric acid are among them, preceded in any

case, ly the above mentioned cleaning process. s

do not object its utilization but we must emphasize

the fact tiat the seliF-catalytic nickel deposition,

being specially indicated on parts with complizated

conformation, could be conditioned by a conditioning

of the surfaces of doubtful efficiency in this respect.

2.2. Copper panels conditioning.

In all our tests the electrolytic copper panels were

subjected to a fat removal process in trichloroethy-

lene chamber followed by a chemical polishing through

iiamerssion in a solution with the following composi-

tion:

* -itri: acid (sp.gr. =142) ....... 2C0(by volume).

Propionic acid .................. 25"( " " .

Phosphoric acid (sp.gr.=i.75)..... 55( ' "

at 63C...652C during 2...4 min. The panels were

rinsed with tap water and afterwards with distilled

water and introduced in the self-catalytic nickel

solution.

ther che.iical polishing processas such as the

inmersion in sulfuric acid/izt=ssium dichromats

solutians have been used in our laboratoris3 vith

squall", satisfactory results.

o



2.3 Aluminum i L-a3.4C alloy panels conditioning.

The sequences which constitute the aluminum anc L-314Z

allay surfaces conditioning followed in these Labora-
L

tori.ss are the following:

- Fat removal in trichloroethylene =hamber.

- Immersion in an alkaline solution with the following

composition:

Anhydrous Sodium Carbonate ........ 5C gm/1.

Sodium hydroxide .................. 1C gm/1.

Triethanolamine (TEA) .............. 20 gm/i.

Sodium nitrite ................... om/l.

at -5 ...9C2C durinc 3... minutes.

- Rinsing with tap water followed by rinsing with

distilled water.

- Immersion in nitric acid 1:1 (by volume) during

M minutes at room temperature.

- Rinsing with tap water followed by rinsing with

4 K
destilled water.

Imersion in a zincate solution with the following

1 oom~position:

riethylene tetramine (T:TA) ....... 3CC mil.
7 riethanolamine (TZA) ........ l-

3odium hydroxide ................... 5. :.
S4..nc OXiS ........ 5=.......... - "

rateSr ............................. up to i . litriI
,he =_.,6u.ion of the zinC =x-de is slow and reauires

IL



a strong stirring at room temperature.

The zincats was carried out at 35...9C C during

C...5'C sec.

- Rinsing with tap water followed by a careful rinsing

with distilled water.

- Immersion in the self-catalytic nickel solution.

2.3.1 Commentaries:

The conditioning of the aluminum and L-314C alloy

panels followed in our Laboratories present peculiaritis

as a consequence of the specific characteristics of

the base metal which we consider convenient to =:ment.

The tzeat-ient in the alkaline solution, the composition

and working :onditions of -which were exposed, produces

on tie L-31A3 alloy panels obscure sludges slightly

adhesive and, in any case, easily soluble in 1:1 nitric

acid solution.

The Icss of material is minimal and the state of the

surfaces is complately satisfactory to receive the

following zincate trent-nent.

The zincate process developed in our laboratories

presents remarkable differences in contrast to *Th.

=onventional method known as "double zincata". The

solution used in our process contains a high zinc

concentration due to thne presence of TETA and TEA which

at the sane time praventsto i certain degree, the

precipitation of the aluminum hydroxide eventuelly
f?:-d, bei ng easily eliminated by filtration if its

prassnce takes place as a consequence of the long

Us! Tf tie soltioi.

, .:! .. * 4.
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The sodum hyrnroxide concentration is considerably lower
Sthan the one of the conventional solutions and the risk

of carbonatation is therefore diminished so that the useful

life of the solution is apprecisbly longer.

£ Cur experiments have shown that the replacement of the

spent zinc may be done with periodical additions of a

solution with the following composition:

Tristhylene Tetramine (ZETA) ........... 3CC mil.

Triethanolamine (TEA) ..... 0............ l1 mil.

Zinc oxide ...... ..................... gin.

5 aieter ....... .................... up to I liter.

3eing necessary to carry out the previous analytical

determination of the Zn to maintain in at the concentration

5 already indicated in the pr ocess atages,determination which,

on the other hand, dzei not present major difficulties

following the conventional analytical methods.

,ur experiments have likewise damonstrated that it is

sufficient only one immersion in the zincate solution to
obtain satisfactory deposits wit, which the "double Z4!1_-t

0 .is eliminated, the mechanism of w"ich is not satisfactorily

Kexplained.

The zinc deposits obtained y immersion in the solution,

the for nulation and Workin: conditions of which we indicated,

present a great adhesion in contrast with the adhesive tape
* and its porosity is ineppraciaboain contrast to the immersion

Sest in boiling water during 1 hour.

;, ust anp:iesize the tact that the z icate process1/ I
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followed in our laboratoriea for the aluminum and L-314C

alloy panels conditioning coes not exclude the mossibility

of using tie "doubla zincate" process for the dposit1on

OF the sel'-catalytic nickel by means of the process devel-

oped likewise in these Laoratories. At the same *time we

consider L.iportant to point out that the zincate process

carried out in our Laboratories is apt to receive silf-

catalytic nickel daposits zo.,iing from commercial firms as

our experience has demonstrated.

In table 'th3 results obtained in a series of tests carried

out on aluninum and L-3140 alloy are shown, where the

following data are considered: the material loss, the

weight Of the zinc deposit and its thickness with =egard

to the immersion time. In all the cases the workin g

tempe=ature "as been of 35... 902 on panels with l dm 2

and in a solution volume of I liter.

TABLE I

Panel Time Weight loss Deposited Zn Thickness
nel min.) (n) (gr.)

Aluminum 1 0]. 05 3.02C G.29

Aluminum 2 .1.015 ._.7

Aluninum 3 C.020 .06) 3.34

L-3140 1 0.005 C.C20 0.29

F AL-3140 t 2 0.010 C. C 4.j.5

L-31Z41 3 7.02C 0 .C65 .9l

It can be seen that tie material loss is minimum and that,,t

'Ujrseaa ma substantial differencss between the aluminum and

the L-3140 all.oy; it can 3 i-Anrved likewie that the
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zinc deposit increases with the immersion time. This

characteristic is very important since although the zinc

deposits are equally uniform, adhesive and free of pores,

independently of their thickness, the self-catalytic nickel

zdeposits are defective when ths zinc deposit is high; which

compels to work with small thickness deposits, times of

3C...6C seconds of immersion in the zincate solution being

sufficient. The interpretation we give to this fact is

the following: The zinc layer protects the aluminum and

its alloys from their oxidation in the presence of air

but the self-catalytic nickel deposition does not take

place on the zinc layer since it is dissolved when intro-
duced in the nickel solution on working conditions. It is

then necessary for the zinc layer to have the sufficient

thickness to hidir the aluminum oxidation and at the same
time that the said thickness e the minimum in order that

its dilution in the nickel solution may rapidly take place

and the nickel deposition may take place on the aluminum

surface totally free of oxide. It is possible then that,

upon the initiation of the reaction a zinc codeposition

could eventually take place but not a superposition of

layers. In all our testa we have observed that the

reaction takes place immediately and that in the first

minutes the nickel deposit is black and acquires the proper

color of this metal during the course of the reaction.

The immsesion in the self-catalytic nickel solution should

immediately follow the zincato of the panels. want to
idas valid the aovs mentioned argument

consider also here the vaidcate aftepl. ~ att
since in many tests carried out, it has been pointed cut

-that the zinc layers exposed to the air during long periods

of time present a greater chemical inertia to the nickel

SIl solution than the more recently obtained ones.

4 T:,, .inc 2. .": 'r€.ned by means of the process we have

!
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r.ascribesd in 2.3 ars light grey, uniforta, adhesive and

non porous even with high thicknesses. 'evertheless, we

'nsist that tile irimarsion timas should be between 3~and

60 second-s in order to obtain satisfactory nlckel de'posits

* since the zinc layer is rapidly di-ssolved by the ;iikal

solution.

3.1 JarkIng conditions.-

;-.; describe below the conditions under which the work has

£ been carried out for tile obtainmert-Jf nickel deposits

starting from two solutions the composition of which are

indicated ifjrther orn.

T I all1 our tests we have worked wit'n a 2 liter solution

contained in high glass flasks and the heating was

produced by electric plate.

-Thu homogenization of the solutions during all the

treatment ;ias been carried out by magnetic stirri-ng.

ft - ~The pans's 4ers suspended by means of iron wiredrn

the treatment. In thesa conditions the copper panels

i4medi4itely receive t'.ie nickel as a consequence of the

potential difference established !;etween both mnetals in

4 0 contact.

-Plane rectangular panels were used, of 0.5 and I.- d-n 2

of surfacogthe nature and conditioning of which 'nes

'iean tascrihed in 2, with~ the purpose of evaluating the

3effect .3f the -_/V relati-on on the deposition.

j-Special 2tten4!.-, has 'Zeen paid to a ri;oro3ua conMtrol1

Iof the ?'I and -w-orking terperatun3.
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3.2 Composition at the solutions.

In our work, two typical solutions have been used, the

composition of wiich is indicated below, and which

were formulated as it was shown in II.

Solution A

I
":i+  ... ..... .... .... .1l~ gm/l %(0.14 :)

.!ycolic acid .... ......... 50.0 " (0.63 ").

£ Di-isopropanol-ariine ...... 2Q.0 " (-.15 W).

Hypophosphorous acid ...... 10.0 " (0.15 M).

Additive 1 ................ 15 p*p.m.

Additive 2 ................ 0.5 gm.

r Ammonium hydroxide ....... until pH = 4.3.

Temp.= 35 .... 902C

Solution 2

' ++3.1 g.-./1 (C.14 )
0* .. ... *oo.o.....e oo .. e 3. g",1 (.1 I.

Glycolic acid ............. 40.C " (0.5: v,).

Citric acid ............. • 15.0 1 (0.C7).

Di-isopropanol-amine ...... 20.0 " (0.15 M).

0 Hypopiosphorous acid .0.... 10.0 " (z.15 4I.

Additive 1 ...... ........ 15 p.p.m.

Additive 2 ........ , ... 0.5 gm.

Ammoniu Hydroxide ....... until pH 4.3.
0 Temp. - 25 .... 9"20I
U

1I
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3.3 gbtainment of deposits.
I

The composition of the solutions which we have

indicated constitutes tha starting base for our

testsand with which completely satisfactory results

have been obtained. The deposition rate, in both

solutions, does not s!-ow significant differences

Vl ... 20 microns/hr and the aspect of the deposits

do not show significant diffsrences either. Iin

both solutions the yield (consumption of P2)./gM

of deposited nickel) reiains within the sane limits

(3.5 ... 4.5).

The solutions are stable and the deposition rate

keeps witiin acceptable values during long periods

of use with the adequate replacement of "i PC2H

and additive 1 to maintain the concentration of these

at its initial value. li our experiments we have

been able to confirm that such deposition rate is

£ reduced to 3 ...IS mi=rons/hr. when there were

already deposited 15 ... 2C gm of nickel per liter

of solution.

At no time, during the use of the solutions until

the above mentioned nickel deposition was reached,

the nickel phosphite formation could ba estimated

and the slioht diminution of the pH, in every test,

has demonstrated that t.ie solutions are well buffered

and the complex forming agents ire highly efficient

•to hinder the precipitation of basic salts and of

phosphite.

In some tests the deposition of netallic nickel

has been ve:ified, firmly adhered on te bottrm of

fthe flask ;recisedy in the zone where the magnetic

J stirrer has caused an abrasioin of the glass nn

I:1 NIN
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where a superheating of the solution must occur.

This circumstance may *s avoided smplcying

another heating end stirring method.

5
The eventual presence of undeSirA0le products (.v!genic

itare, dust, etc.) may be eliminated by means of
treatment with active carbon followed with filtration

£ throu;h .iJhatrmn paper ng 42. This treatment requires

the replacement of additives 1 and 2 since they are,

likewise, eliminated by the active carbzn.

*The solutions have maintaiied themselves transparent

and with an intense green color throug:.out the utilizatn
tiie.

The reaction takes place immediately on the panels

made with the materials and surface =onditioning indi-

:atad in 2 using the suspsnsin system indicated in

53.1.

in the zinceted aluminum panels the reaction takes

place, likewise, immediately upon being introduced in

- the solution with the consequent nickel deposition

that in the first minutes has a black clor acquiring

afterwards the proper color of this metal. Th, interpre

tation given to this fact is that thee is no nickel

deposition on the zinc layer but a dilution of the

latter with the possibility of a decoposition which

takes place in a short period of title, the normal

0 nickel deposition taking place afterwards. This aspect

of the process has been al=sady indicated in 2.3.1.

ji 19i the h zluins employed in our tests, the compo-

* jr sition of which is indicated in 3.2, the influence of

the tempoeratu-r and of the .orking ps! does not present

I worth mentioning differences as compared with other

mf t
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p:Z-esses also tsste.a ii ,ou_ Labo.-storias. The deposition

rate increases with the temperature and .he pH. 'ever-

t.iaess, our experignca recom-ends to work at temperatures

o? 35 ... 9C-C and pH values of 4.5 ... 5.5 . Although

higher temperatures increase the deposition rate, they

do, on t*-e other hand, augment the risk of decomposition

and may considerably diminish the yield. The solutions

are likswise as:3antially more unstable at higher pH than

the ones indicated and below tne 3.n.'srio -j limit the

deposition _rata _-Y decrease- =lso .i th on eqully

di.minution of the yield.

I The S/V relation is of utmost importance in a great many

number of chemical conversion processes, electro-depo-

sition, etc. but, probably, the self-catalytic deposition

is the nost exigent in this aspect. Our experiments have

I daeonstrated that the lower this relation is, the higher

is the quality of the nickel deposits.

.'ie have considered as most satisfactory a maximum relation

of ".5 dm2/l. in these conditions, an un.-alanced relation

of components is not produced and the O:ffer capacity of

the solutions makes it possible to work with the above

mentioned pH values, even with a long deoosition.

lith the solutions testsd by us nrd in the ronditions

we have previously indicated, nickel thicknesses of nore

than 100 microns have been obtained, w.tho3ut intar:uption

and without any more care than the proper replacement of

O, 2 H -_nd Additive 1, In the tests ca-ried out

in our Laboratories we have been able to confirm thu fact
r that the nickel layers require a reactivtion when the

procdiss has ';ean .its_-t_-ptad. In such a continjan:y %he

imhtioad r-aactivation nay be obtained by immersion at

S roon temperaturs, i a 27.; perthlor.U. acid solution.

A'ter i -areful r-nsini the pnels .lijojd be "*,'mdiately

i i ii ,1
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introduced in the nickel solution, '.-ith this reactivation

the adhesion between layers is completely satisfactory.

The deposition rate is notably influenced by the 72i and

sPC2H2 concentrations present in the solution; nevertheless,

the values indicated in our formulations A and 7 have been

found more convenient. Higher concentrations of P?2H2

increase the deposition rate but with t-a consequent incre-

Sment of the solutions instability and a decrease of the

yield. An increase of the Ni' concentration unbalances

the complex forming action of the products present in the

solution and likewise the diminution of the mentioned

concentration which makes considerably decrease the depo-

sition rate as wall as the yield. In table II the effect

produced on the deposition rate by a variation of the %i

concentration, for a constant FC-H, concentration may be

estimated and in table III the effect produced, of the

same characteristic, in solutions in which the %i + concen-

tration was maintained constant and variable the one of

5 C H2 0 These values are the ones obtained wihh solutions

in which 10 gm/l. of nickel had already been approximately

deposited and in which, thereforepthe PC3-2 concentration

is high; They are then representative values of the

Ideposition rate which may be obtained with average life

solutions regerding the recently formulated solutions

A and 3.
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TA-Lt :
S

II

Constant concen tration of PC2H ( = M/1.)

i eposition rate
gm/l.(microns/hr.)

iZ!.c G 1.c
3.5 13."0

.. 12.C

7.5 10.C

. 7.0.c
6.5 7.0

S .0 5.0

TA2LE III

S+
Constant Ni concentration (6.2 ;m/l.)

m2 eposition :ate

S2

II

l I7.4 7.0

S6.7 5.7

5.1 9.5
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.a consider that in our wcr< p rgrvi the objectives

indicated in !-I and >-2 have been satis tor il, reained.

aC solutions employed in our experiments, tne composition

and working conditiDns of which we indicated in ',-3.1 and
!I-3.2, show a great stability, great buffer capacity and

their utilization may ze lengthened even with high concentre-i

ti0ns of PCH ion originated in the dehydrogenation of the3I
ion. The nickel deposits are uniform and exempt of

4.

pores even .,ith snal! thicknesses (lC...15 microns) indepen-

- dently of the nature of the base netal used in our tests. The

b_=htness oF the deposits increases waith the thickness and

S this may reach great !aiues provided the convenient component
replacements are carried out.

-e must insist in the fact that the surface conditioning

is of vital importance in a successful deposition. As far

as the aluminum surfaces conditioning is concerned, the

5 s'rquences of0 which have seen indicated in U-.,econsider

that the process carried out in our Laboratories allow to

obtain surfaces in proper conditions to receive self-catalytic

nickel. 'ith regard to this, we insist in our criterion tlat

the zinc layer is dissolved in a short period of tine upon

introducing the panels in the nickel solution and that the

nickel deposition occurs directly on tine base iatal and not

£ over the zinc layer which, in any case, should have the

sufficient thickness to hinder the aluminum oxidatiin and at

the same time sho uld cs as small as possible to allow its

-- rapid diilution. Te fact that the zincate pr=cess studied

in our Laboratori-s .iay allow the sel'-catalytic nickel

deposition in solutions coming from well known co1merciaj.

.'irms confirm us its usefulness and has allowed us to

4 astablisi ths charactaristics which should have a zinc deposit

*to receive layers of self-c3talytic nickel (thickness, adhe-

=iveness and .,rOai).
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3h p r'--2a i I - ns I. i hi -icke' solution does not

seen- to have sgrI~fi.c3rt o~ n the dRpositioml rate, 'laYarI aspect,stability, etc. At least in t'ne concgntrations used in
our exp:riments; tis aspect 3' thie process, resadin: the

Presence of other -atr~llic ions, haes been expected in successivpe

dmust e.piasiza the -act The Th *.zoriulations used by us,

as far as their composition aza concerned, are il~t critical anc!

allows a certain Flexibility regarding the proportions of tie

-Icolic and citric acidcs. The formulations with lactic acid

in combination wit!h tihe acidcs previously -mentioned have been

triad in our Laboratcrieas and we '!-ope, -n Du:: successi-ve works,to

- able to confirm~ our criterion o-14 aotami m compronise

fr, 7mu'lations ; -':cwul- allow the obainmo depst 0it

satlsfactory caatrsi5

* 37,1 (1945); Fr-zc. Amer. El1actropi. Soc., 33, 16, (1946).

2. rqnnar, . Bnd Ri.1,s. esearch 7:at'l 33ur. Z-tandards,

* V39, 385, (1947); rac. Amer. -lactzop-. 5oc., L4, 156,
(1947).

* Z. =emnnsz, A. and Giel, .E., IU.i. Pat. 21322.233 (2ec. 3,

4. Gutzeit, S.f Electroplating E7n;. :4andb' cok (A.K. Grahan,

p 45-~,(195.3" 73-nho:_ 303k crp.

ii e ~ . Xaus ndbcoak, .'l. , hat Treating, lesaning and

-. rsk. a. at I I i sh _4n q 5 3 36 (:-ec. 19f72,.

*M



INTA N.Pig.

-. oc:7nikov~, L., Yeatal 2 '57, (19i).

.'Viklukhin,S. P. am -- ekas'ieva, A * ., :;k1. Aka:_. k

1 u ut zai t , I., "1Bting, Vol. 4', . 1, :i-.9~~ 199).

i.- Salvego, -. in31 .avallotti, P.L., Plating, VJol. 59, '.o. 7

(JUly 1972).

1S. ViJar, C. and 3ranner, A., Platinig, (-ec. 1957)1.

2. '5c 1ckenbi~ca A.7%, Plating" Vol. 53 *9 (Sept. 1971)

17. SVoboda, C.C., '_etaj UigsUg (AgSt. 197)

13. c~ride, :.G., EFlating, lol. 59 ' c. 9 (Tp.1972).

193. Parker, K.ard.Thaih, H. Pating, .zol. E_ ". 3 (- arch 1971) .

2:. 'Groshart, E., e'tal' Finishi ng, 1Jo1. 7-, "0. _4 (April1 1972).

2-1. >'Orra1, F.".' Plating, Vol. 59, ':o. 2(e.1972)

3. .erdlcki, E.2 ',~1ai; o.5, Io (August 1971).



r INT A N.0 Pg

24. Fe I sets-I*n,. an Lar.c s ak 7.3., I. lc t rachan. S ac. Vol.

1i, ",o. 5 (J'Une :7

2 . 3ouda, j'. i< S,'awki, Z. and ZEl_-7awil,9. taFisii,

o'- 7C *!a. 5 (YSy 1172).

25. Petit, S.S., -Jright, M * R., C~, .C. and Kwesnoski-, T.,

*Flatina, vol. E9, '!a.' (June '972).

?. urger, S. alvano, ':a. 415 (Cctabar 1,371).

:. Sallo, J.S., (ivel, J. and Albers, F.C., lcrceia

S .cciety, Val. 11C, 'Io.3 (.1u gust 1963).

7:. :-handler, R.H., ocrzosion Zngineez, 'Ja. 3, "a~. 11 (Nov.1961).

2--. ..'atson, S.A., Elactroplating arid Mvetal F inishin g, (M-ay 1972).

'11. Tone, B.. ake=, . and Jackson, 33.Z., Plating and

32 Schwartz, 2., Aerican FElactroplatars' '3ocisty, (July 196C).

* 33. DOanikov, L., *-'etal Finishing, Vol. 549, "o.2 (Feb. 1961).

24. rahan, A.H., LinCdsay' a nd Read, H.., lectrocheni.

Sociuty, 'I01. 1 :o. 4 (A\pr-l16)

35. Turns, 5..and 3:owning. J. P. lating, Vol. 6'-, '1o.7:

1- Spsnv:r, L. , et,3l 7iniShi4na, Vol. 71, 1 (January

-3~A !r. a; ze6n t a rtz z , _ctoter 19221

Alberto T.heriguian.
PRUG1V0 8a


